Introduction
============

As a malignant disease, lung cancer ranks first in incidence and mortality of cancer, and has so for a long period of time. It is predicted that there still will be more than 220,000 new cases and more than 160,000 deaths in the US in 2017.[@b1-cmar-9-801] Non-small cell lung cancer (NSCLC) is the most common type of lung cancer, accounting for about 80%--90%.[@b2-cmar-9-801]--[@b4-cmar-9-801] However, more than 50% of newly diagnosed patients have been in advanced stage or have gained metastases, and thus they have lost the opportunity for surgical treatment. Radiotherapy or chemotherapy is not ideal for them.[@b5-cmar-9-801] Radiotherapy and chemotherapy are typical traditional tumor treatments but they lack cell killing specificity. This results in these treatments to not only kill tumor cells but also damage normal cells.. Therefore, they will produce a variety of toxic side effects on all systems in the body, and some patients cannot tolerate treatment. Though chemotherapy is still the main treatment for advanced NSCLC patients, clinical data suggest that the development of chemotherapy has encountered the situation of bottleneck.[@b6-cmar-9-801] It cannot further extend remission and survival. Radiotherapy could only serve as a palliative reduction therapy.[@b7-cmar-9-801] Furthermore, though radiotherapy and specific chemotherapy could be received by outpatients, compared with oral medication, they are considerably inconvenient, since patients who receive the treatment need to visit the hospital frequently. Due to the shortcomings of radiotherapy and chemotherapy, targeted therapy has gradually been paid more attention to and has gradually become a first-line treatment program.

With genetic and precision medicine developing in recent years, it has been found that the development of lung cancer is closely related to tumor-driven gene. Anaplastic lymphoma kinase (ALK) fusion gene and epidermal growth factor receptor (EGFR) are the NSCLC-driven genes that are currently being recognized.[@b8-cmar-9-801]--[@b12-cmar-9-801] *ALK* fusion gene occurs in 3%--7% of patients with NSCLC, which includes echinoderm microtubule-associated protein-like 4-ALK (EML4-ALK), TRK-fused gene-ALK, nucleophosmin-ALK and kinesin family member 5B-ALK.[@b13-cmar-9-801]--[@b18-cmar-9-801] ALK inhibitor (ALKi) is an effective targeted medicine for patients with ALK mutations, which can significantly prolong their survival. Crizotinib is a first-generation ALKi, and it has become a recommendation for the treatment of ALK-positive NSCLC patients in the guidelines of Europe and the US, and has been used as a first-line therapy for patients in advanced stage.[@b19-cmar-9-801],[@b20-cmar-9-801] Crizotinib can not only significantly prolong the progression-free survival (PFS), but also increase the objective response rate (ORR). The clinical trial of crizotinib (PROFILE 1014) indicated that the median PFS was 10.9 months, while the ORR was 74% and 1-year survival rate was 84%, demonstrating better efficacy than chemotherapy.[@b21-cmar-9-801] But before long, it was found that about 30% of patients who used crizotinib as initial treatment have primary resistance to it, some patients developed secondary resistance within 1--2 years and about 40% developed metastasis in the central nervous system.[@b22-cmar-9-801]

With the emergence of crizotinib resistance, the second- and third-generation ALKi were gradually introduced and approved for clinical application. It was observed that the ORR and the median PFS of crizotinib-resistant patients increased to 50% and 8.9 months, respectively, after being treated with alectinib, a second-generation ALKi.[@b23-cmar-9-801] The third-generation ALKi lorlatinib had a strong inhibitory effect on known resistant mutations and had a good therapeutic effect on ALK-driven brain metastasis.[@b24-cmar-9-801] The ongoing I/II trial shows that the ORR of lorlatinib is 26%, indicating that the timely changing of treatment program can still bring about a positive effect when the original treatment escapes.[@b25-cmar-9-801] But the direct application of the latest and most effective ALKi is not equal to permanent efficacy and benefit. A study has showed that a patient with lorlatinib escape had a new tumor gene mutation that caused his re-sensitization to crizotinib.[@b26-cmar-9-801] All of these show that it is of clinical significance to guide the treatment at the molecular level after resistance. The real-time detection technology that can be applied to cancer patients is needed urgently in clinical practice. At present, the regular surveillance of lung cancer during treatment mainly depends on the pathological diagnosis after puncture biopsy and imaging examination. But pathological biopsy is an invasive operation that cannot be carried out in all patients, and the compliance of the patients becomes worse during repeated operation. Furthermore, the error resulting from tumor heterogeneity cannot be overcome now, while the imaging examination is often delayed.

As early as the 19th century, Paget had put forward the seed-soil theory.[@b27-cmar-9-801] It was thought that "seeds" would fall off from the primary tumor with the appropriate distal organs as "soil" to form metastases, which was the most original definition of what is called the circulating tumor cell (CTC) now. Subsequently, the researchers also found other tumor-derived biomarkers, such as circulating tumor DNA (ctDNA), exosome, etc. These biomarkers carry information about the source of the organization and flow freely in various body fluids.[@b28-cmar-9-801] Liquid biopsy distinguishes itself as a new technique for separation and analysis of the tumor-derived biomarkers in body fluid, which obtain the coding information of tumor. It is an ideal technique for ALK-positive NSCLC resistance surveillance for its advantages such as simplicity, minimally invasive, real time and repeatability.

The mechanisms of ALKI resistance
---------------------------------

Despite the constant upgrading of ALKi and its enhancing efficacy, the resistance still cannot be overcome. ALKi resistance can be divided into primary resistance and secondary resistance.

### Primary resistance

Primary resistance refers to the ineffective medical treatment in the early stage.[@b29-cmar-9-801] About 25% of patients treated with crizotinib have primary resistance.[@b30-cmar-9-801] Although the mechanism of primary resistance is not fully understood yet, it is speculated that it is closely related to ALK variations. ALK variations include the fusion of ALK with other partner genes encoding protein other than EML4 and structural variations of ALK itself.[@b31-cmar-9-801] Experiments showed that there is a significant difference in sensitivity to crizotinib among tyrosine kinase receptors coded by different ALK fusion genes or different subtypes of same ALK fusion gene.[@b32-cmar-9-801] In addition, tumor heterogeneity can also lead to primary resistance. Studies have found that 5% --8% of cancer cells in ALK-positive NSCLC patients contain EGFR mutation, which causes the failure of ALKi. Another cause may be false-positive genotype. ALK tumor-driven mutation can be monitored by a variety of techniques, and ALK fluorescence in situ hybridization (FISH) testing is considered the current gold standard procedure.[@b33-cmar-9-801]--[@b35-cmar-9-801] It is believed that false-positive results could be led by artificial cutting gene fragment error, cell morphological differences, probe abnormalities or pathological misunderstanding in the detection process.[@b36-cmar-9-801] Even VENTANA ALK (D5F3) CDx assay with higher specificity and sensitivity in detecting ALK-positive NSCLC, which is recently approved by the US Food and Drug Administration (FDA), can also cause false-positive results.[@b37-cmar-9-801] Thus, in a few cases, ALKi primary resistance may be caused by technical factors rather than a real existence of biological resistance. Finally, although ALK FISH could recognize true ALK translocation, these patients did not have functional rearrangements, which is also a pseudo-positive resistance that results from pseudo-primary genotype.

### Secondary resistance

Secondary resistance, also known as acquired resistance, refers to the recurrence of tumor progression that the original ALKi-sensitive patients suffer after complete remission or partial remission after more than 6 months with medical treatment.[@b38-cmar-9-801] Secondary resistance can be divided into dominant and non-dominant. Dominant secondary resistance mainly refers to ALK kinase domain mutation (29%) and increase of *ALK* gene copy number (9%), which accounts for one-third of crizotinib resistance by increasing the activity of tyrosine kinases.[@b39-cmar-9-801]--[@b41-cmar-9-801] Other types of resistance are non-dominant, including ALK signal bypass activation, tumor heterogeneity, etc. In fact, two or more resistance patterns could be generated in the same patient. A large part of the resistance mechanism still remains unknown.

Mutation in the target ALK gene
-------------------------------

When the first mutation emerges in the *ALK* fusion gene, it induces the production of tumor; when secondary mutation comes up, it means the emergence of resistance. Most of the mutations currently found in the target *ALK* gene are mainly point mutation. C1156Y and L1196M were the first discovered mutant types, followed by L1152R, G1202R, G1269A, F1174L, 1151Tins, S1206Y, I1171T, D1203N, V1180L, etc.[@b32-cmar-9-801],[@b42-cmar-9-801],[@b43-cmar-9-801] Crizotinib is an ATP-competitive selective inhibitor of the ALK and MET tyrosine kinases, which inhibits their tyrosine phosphorylation.[@b44-cmar-9-801] With low level of tyrosine kinase phosphorylation, aberrant downstream pathways of ALK mutations will be inhibited. In general, these aberrant downstream pathways can lead to apoptosis insufficiency, excessive cell proliferation and the development of NSCLC.[@b45-cmar-9-801] Ultimately, crizotinib reaches the pharmacological effect of restraining the development of tumor. As the secondary mutation emerges, the protein composition of tyrosine kinase changes and its activity increases, which leads to the decrease of the inhibitory effect. But the point mutations do not destroy the effect of ALK signaling pathway, and so the tumor can still rely on the pathway for survival and development. Now the most common mutation of ALK kinase domain in the crizotinib resistance is L1196M, leading to replacement of leucine by methionine in the kinase region. It helps in the formation of the protein active conformation and increases the activity of protein kinase, interfering with the inhibitory effect of the targeted treatment on kinase activity, and finally leading to treatment failure.[@b46-cmar-9-801] Studies have shown that each ALKi will specifically correspond to a group of resistant mutant types. G1202R is one of the specific resistance mutation types that responses to the second generation of ALKi.[@b47-cmar-9-801]

Abnormal copy number of fusion gene
-----------------------------------

*ALK* fusion gene copy number abnormalities include copy number gain (CNG) and gene deletion. The resistance mechanism of abnormal *ALK* gene copy number is similar to the gene mutation, increasing the activity of kinase. The CNG means that the average number of the rearranged genes in lung cells are more than triple. Katayama et al analyzed the genes in crizotinib-resistant patients and found that *ALK* fusion gene copy number increased remarkably, and confirmed that CNG is to blame for the resistance in vitro experiments.[@b41-cmar-9-801] Doebele et al happened to discover a special sample of resistance that may be caused by deletion of the *ALK* fusion gene.[@b46-cmar-9-801] It was after exclusion of common causes of resistance such as gene mutations, CNG, signal bypass activation and after multiple biopsies, that researchers thought that the resistance was indeed caused by genetic deficiency. But the view that *ALK* fusion gene deficiency is the mechanism of ALKi resistance has not been fully verified.

Emergence of bypass tracks
--------------------------

Signal bypass activation refers to the activation of other carcinogenic drivers. When ALKi inhibits the level of tyrosine kinase phosphorylation and blocks the downstream signaling pathways, tumor cells can reduce its dependence on ALK and downstream signals by activating other signaling pathways or the ALK signaling pathway in downstream that is not inhibited, resulting in the failure of ALKi. It results in 20% of the cases of crizotinib resistance.[@b49-cmar-9-801] The key signaling transduction pathways in downstream of ALK include Ras/MEK/ERK, PI3K/AKT and JAK3-STAT3.[@b50-cmar-9-801],[@b51-cmar-9-801] Takezawa et al found that ALKi could inhibit the amplification of EML4-ALK positive tumor cells and induce apoptosis by inhibiting the transduction pathways of ERK and STAT3, while the pathway of PI3K/AKT was not affected or less affected and finally causes resistance.[@b52-cmar-9-801] In addition, tumors can continue to develop by activating other tumor driven genes. The most common driven genes include EGFR and KRAS mutations, EGFR phosphorylation and c-KIT amplification.[@b39-cmar-9-801],[@b48-cmar-9-801] Activation of a variety of different carcinogenic drivers can occur simultaneously in the tumor. In an in vitro experiment, the expression of EGFR mRNA in cells with resistance was upregulated after applying crizotinib to ALK-positive cell lines, indicating that the continual progression of tumor could be owing to the activation of EGFR and persistent activation of downstream signal transduction pathway independent from ALK.[@b53-cmar-9-801]

Tumor heterogeneity
-------------------

There still lacks a thorough understanding about resistance on account of tumor heterogeneity. ALK-positive solid tumor could be a mixture of a majority of ALK-positive tumor cells and other tumor cells induced by different tumor-driven genes. The growth and amplification of predominant ALK-positive tumor cells would be inhibited and the original minority of tumor cells driven by other tumor genes was transformed into a dominant cell line after the application of ALKi. It is also possible that there are multiple dominant and non-dominant mechanisms of resistance in the tumor, for which ALKi would be helpless. The American Society of Clinical Oncology meeting reported a study on the distribution of driven genes in NSCLC patients in 2014. The study included 35 cases of patients with multiple pulmonary nodules, and it showed that the inconsistency rate of mutation-driven gene of different nodules reached 68.6%.[@b54-cmar-9-801] But the current mainstream surveillance techniques, such as pathological biopsy and imaging examination, still cannot overcome the detection error of tumor heterogeneity.

Others
------

In addition, there are some rare types of non-dominant resistance. Researchers had found an abdominal nodule transformed from small cell lung cancer (SCLC) in a patient with crizotinib treatment failure.[@b55-cmar-9-801] In another case, SCLC-transformed issue was detected in the lung tissue of alectinib-resistant patients.[@b56-cmar-9-801] They both indicated the potential of SCLC transformation to be a novel resistance mechanism. Moreover, ALKi resistance is probable to be achieved by epithelial-mesenchymal transition, autophagy, etc.[@b57-cmar-9-801],[@b58-cmar-9-801] The current discovered mechanisms are only a small part; many other mechanisms of resistance still need further study.

Liquid biopsy
-------------

Due to the insurmountable shortcomings of imaging and pathological biopsy methods, and the necessity for real-time resistance surveillance in the treatment of ALK-positive NSCLC patients, the liquid biopsy technology that can achieve minimally invasive and real-time surveillance has attracted more and more attention and expectation. The most common biomarkers of liquid biopsy are CTCs, ctDNA and exosome. They are permissible for separation, purification and analysis of tumor DNA, mRNA, miRNA and other genetic materials. Since biomarkers can be derived from different parts of the tumor or different cancer foci, liquid biopsy can overcome the interference of tumor heterogeneity and reflect the overall information of tumor. Therefore, liquid biopsy is the most potential and ideal detection method for resistance surveillance at present. The research progress of liquid biopsy in resistance surveillance is shown in [Figure 1](#f1-cmar-9-801){ref-type="fig"}.

CTC
---

CTC refers to the tumor cells that fall off from primary lesions or metastases of tumor and then enter into the blood circulation.[@b59-cmar-9-801] But the detection rate of CTC is low; only one CTC can be detected in an average of 10^5^--10^7^ monocytes in the peripheral blood of patients with advanced tumors.[@b60-cmar-9-801] Genetic materials, such as DNA, RNA and protein, are contained in CTCs. Digital droplet polymerase chain reaction combined with next-generation sequencing (NGS) is currently used to detect and sequence genes in CTCs, which help to obtain the information about the source of the organization.[@b61-cmar-9-801] CTC can also be detected by CellSearch, which is approved by FDA.[@b62-cmar-9-801] When secondary resistance occurs or other carcinogenic drivers are activated, theoretically, resistance can be indicated by the percentage of mutated CTCs and the mutations of gene, mRNA and protein. The half-life of CTC in blood is only a few hours. Therefore, it can be used as a real-time detection target.[@b63-cmar-9-801],[@b64-cmar-9-801]

The mutation of L1196M was found by enrichment and gene sequencing of the CTCs in peripheral blood of patients with crizotinib secondary resistance, indicating that the resistance mutation can be found at an early stage through the gene sequencing on mutated CTCs.[@b65-cmar-9-801] Thus, it would be beneficial to conduct a large sample of gene sequencing to obtain the specific resistant mutation spectrum of different ALKi, which may be helpful for the diagnosis of resistance. In another study, researchers tried to obtain the quantitative change of EML4-ALK+ CTC detected in serum of patients with adenocarcinoma as a prompt of resistance.[@b66-cmar-9-801] At first, three CTCs were detected before the treatment with crizotinib, one of which was EML4-ALK + CTC. After treatment, no EML4-ALK+ CTC was found, while two EML4-ALK + CTC recurred in the further progress of tumor. The reappearance of EML4-ALK + CTC indicated that the patients acquired crizotinib resistance. As there was no gene detection on CTC for surveillance, researchers give priority to the dominant resistance when the reasons for resistant are unknown. So, ceritinib was used for treatment, but EML4-ALK + CTC and tumor progression were still detectable subsequently. At last, it was considered as non-dominant resistance, and had chemotherapy as adjuvant therapy. Although the method of CTCs counting for resistance surveillance is less accurate than gene sequencing, it is simpler. Coupled with the clinical and imaging performance, the resistance and its mechanism can be roughly determined. TKI of other target genes is often used in combination for treatment when the non-dominant resistance occurs, especially when combined with other tumor-driven genes or in the presence of signal bypass activation. A study based on Asians found that 18.6% of ALK-positive patients had EGFR mutations, while 3.9% of EGFR mutation patients had ALK fusion.[@b67-cmar-9-801] The combination of ALKi and EGFRi can achieve a better inhibitory effect than the use of each of the specific inhibitors alone. In addition, using the treatment-resistant ALKi, or a combination of heat shock protein inhibitors (HSP90) or chemotherapy with the treatment-resistant ALKi has a positive significance for patients.[@b21-cmar-9-801],[@b68-cmar-9-801]

Despite the low concentration of CTCs in peripheral blood and a lack of detection technology with high sensitivity and specificity, CTC is ideal for detection and analysis, for its capability of overcoming the disturbance of tumor heterogeneity because it is derived from different parts of the solid tumor or different cancer foci. Moreover, CTC has a full set of tumor genetic information that can be used to study tumor phenotype and cellular function. Due to the presence of resistance, a series of biopsies is usually required to detect the progression of the tumor after the use of ALKi. Though it is possible to perform multiple biopsy tests on the patients technically, it will be followed by operational risk and poor tolerability of the frail patients. Now DNA in CTCs is considered to be a more ideal detection target for re-biopsy.[@b69-cmar-9-801]--[@b71-cmar-9-801]

ctDNA
-----

Circulating free DNA (cfDNA) is defined as the tissue-specific DNA fragment that is released into the blood.[@b72-cmar-9-801] CtDNA refers to the cfDNA that is secreted by tumor cells or released after apoptosis and necrosis.[@b73-cmar-9-801] The level of ctDNA in tumor patients is positively correlated with tumor progression, and the half-life is generally about 2 hours, which can better reflect tumor burden and the effectiveness of the current treatment in real time than imaging examination.[@b74-cmar-9-801],[@b75-cmar-9-801] Secondly, ctDNA sequencing can be performed by the technique of NGS and cancer personalized profiling by deep sequencing (CAPP-Seq), with which the tumor resistance or the change of gene after progression can be found.[@b76-cmar-9-801],[@b77-cmar-9-801] It is also possible for it to reflect the dominant tumor cell population at different points in time, regardless of the heterogeneity.[@b78-cmar-9-801]

In a study, a tracing blood test was performed on two advanced NSCLC patients with crizotinib treatment, and found that the ctDNA in serum and the allele frequency of ALK rearrangements in ctDNA significantly increased after 10 months of medication, suggesting that the treatment failed.[@b79-cmar-9-801] Three resistance mutations, L1152R, I1171T and L1196M, could be detected in the ctDNA of one of the patients, indicating that the change of nucleic acid sequence and blood concentration of ctDNA can be sensitive to detect the resistance. At this point, the second generation of ALKi should be put into use. The experimental data showed that the ORR of the second-generation ALKi, ceritinib and alectinib, after the treatment with crizotinib failed, were 56% and 50% respectively.[@b22-cmar-9-801],[@b80-cmar-9-801] Especially, alectinib had a significant effect on secondary resistance caused by L1196R.[@b36-cmar-9-801] The other patient with central nervous system metastasis who had not used crizotinib in the same study sequentially used the second-generation ALKi ceritinib and alectinib, and had progress of metastases 1 year later.[@b81-cmar-9-801] The ALK G1202R mutation was detected in ctDNAs. The clinical manifestations and the results of ctDNA detection pointed out the occurrence of resistance, and then the patient switched to the third-generation ALKi lorlatinib. The clinical symptoms caused by metastases improved, and the concentration of ctDNA of G1202R in peripheral blood also decreased, showing the significance of ctDNA in resistance surveillance and guiding follow-up therapy. It is particularly important to detect ctDNA mutation after using the second-generation ALKi resistance. The second-generation ALKi can be used for patients who had or did not have the resistant mutation of the first-generation ALKi. While the presence of new secondary resistance mutation in *ALK* fusion gene, such as G1202R, is an essential indication of lorlatinib, the third-generation ALKi, otherwise, lorlatinib will not work.[@b82-cmar-9-801]

Because ctDNA is freely available in the body fluids with low concentration, it is easily decomposed by enzymes or phagocytosed by cells. There still lacks effective separation and analysis technique at present. The current detection technique is prone to false-negative or false-positive results. Moreover, ctDNA is dissociated from the extracellular region, resulting in the detection result of nucleic acid not being co-located with protein, nor can the function of cells be studied. CtDNA is now the most commonly used biomarker in all reports of ALK-positive NSCLC resistance surveillance. But the testing standard and evaluation criteria are different in different laboratories. Therefore, it is necessary to provide a unified industry measurement standard before putting it into clinical use. But overall, ctDNA is indeed an ideal biomarker. It has the characteristics of minimally invasive, strong specificity and can overcome the tumor heterogeneity and reflect the integral information of the tumor. It is more sensitive to the detection of the mutation of the tumor and permissible for recognizing known resistance mutations. All of these traits meet the requirements of a repeatable biopsy technique that is urgently needed in the resistance surveillance process.[@b83-cmar-9-801]--[@b85-cmar-9-801]

Exosome
-------

Exosome is an extracellular vesicle with a diameter of 30--120 nm, the surface of which is made up of lipid bilayer vesicles, containing DNA, mRNA, miRNA, protein and other genetic materials.[@b86-cmar-9-801],[@b87-cmar-9-801] In physiological and pathological conditions, exosome can be secreted by different types of cells.[@b88-cmar-9-801] It carries different components closely based on its parental-derived cells. The specific components can be referred in the "exosome content database" ([www.exocarta.org](http://www.exocarta.org)).[@b89-cmar-9-801] The current exosome content database contains approximately 1,639 mRNAs, 764 miRNAs, 4,563 proteins and 194 lipids. The peripheral blood of tumor patients has higher concentration of exosome than that in normal ones, and it carries tumor-specific molecular substances such as DNA and gene mutations.[@b90-cmar-9-801] Although changes in protein-coding genes are key targets for elucidating tumor-specific changes, recent studies have shown that miRNAs have a greater advantage in detecting convenience and demonstrating tumor specificity. A study about ovarian cancer found that 8 miRNA-specific diagnostic markers could be detected simultaneously in tumor tissue and exosome of patients.[@b91-cmar-9-801] The miRNAs of exosome were introduced into the exosomes through a special sorting mechanism, implying that the exosome miRNA spectrum was highly similar to the miRNA spectrum of the parental cancer cells.[@b92-cmar-9-801]--[@b94-cmar-9-801] Its information is more tumor-specific and better than global mRNA spectrum, which is used to define the types of cancer and other subtypes of RNA.[@b95-cmar-9-801],[@b96-cmar-9-801] Although there is no report illustrating the use of exosome in resistance surveillance currently, similar to tumor DNA, changes in copy number of exosome miRNAs and nucleic acid sequences are considered to be available for resistance surveillance.

Though the specific research of exosome miRNAs in the field of resistance surveillance is deficient temporarily, we can find its potential and future development according to the appliance of tumor miRNA. MiRNA is a small non-coding RNA, consisting of about 18--25 nucleotides and being responsible for negative regulatory gene expression after transcription. Specific miRNA is able to indicate its binding effect on proto-oncogenes or tumor suppressor genes.[@b97-cmar-9-801],[@b98-cmar-9-801] Studies have found that the expression of tumor miRNAs is associated with tumor biology. When the expression of certain miRNAs increases, it may lead to downregulation of tumor suppressor genes, while the decrease in expression of other miRNAs can lead to an increase in the expression of oncogenes.[@b99-cmar-9-801],[@b100-cmar-9-801] Both of them can lead to tumor progression and resistance. The sensitivity of NSCLC to cisplatin is associated with the upregulation of miR-181a, while the upregulation of miR-630 is related to resistance.[@b101-cmar-9-801] However, there is still a lack of research on the correlation between miRNA expression and ALKi resistance.

The abnormal expression of miRNA is a common feature of dysplasia and cancer. The expression profile of miRNA is associated with the progression of disease and prognosis.[@b102-cmar-9-801],[@b103-cmar-9-801] A total of 12 special miRNAs were found to be particularly present in the exosomes of patients with NSCLC, indicating that the current technique is capable of supporting miRNAs' detection that were produced after resistance.[@b104-cmar-9-801] MiR-628, another marker in crizotinib-resistant cell line, shows an overexpression, indicating the significance of miRNA in resistance surveillance.[@b105-cmar-9-801]

As with CTCs and ctDNA, exosomes all have important implications in resistance testing, and it may be more valuable than the former two. The concentration of exosomes in peripheral blood is higher than that of CTCs, and it can be detected in urine, saliva, cerebrospinal fluid, semen, milk, pleural effusion, ascites and other body fluids in addition to serum or plasma.[@b106-cmar-9-801] The exosome contents are protected by the vesicle membrane. They can be prevented from being destroyed by enzymes in the body fluids and become more complete and stable. The surveillance of platelet endocytosis of tumor-derived RNA is even earlier than imaging to detect tumor progression.[@b107-cmar-9-801]

Other body liquid
-----------------

Currently, liquid biopsy used in clinical and laboratory applications primarily uses peripheral blood to enrich and analyze the biomarkers. In fact, studies have proved that urine, saliva and pleural effusion are available for noninvasive detection.

Urine
-----

A total of 150 patients with positive *EGFR* gene mutation (that is, L858R or L861Q positive) and EGFR-tyrosine kinase inhibitor (TKI) treatment accepted a long-term surveillance.[@b108-cmar-9-801] The data showed that the level of cfDNA in plasma and urine was significantly decreased in early treatment. With the application of TKI, resistant individuals gradually appeared. In all, 53% of the treatment-resistant patients had double growth of the cfDNA in plasma and urine. The secondary mutation EGFR T790M can be detected in some patients. Both liquid biopsy and pathologic biopsy were conducted to detect patients with resistance in this study. When urine was used as the detection sample of liquid biopsy, the detection results of liquid biopsy and pathologic biopsy overlapped by 88%, while the detection results of both biopsy techniques were exactly the same when using plasma samples for liquid biopsy. It indicated that urine could also serve as a liquid biopsy material, and urine cfDNA could be used as an indicator of tumor progression. In addition, comparing exosome protein in urine and lung cancer tissue of the normal control group with that of NSCLC patients, it was found that leucine-rich α-2-glycoprotein (LRG1) was highly expressed in urinary exosome and lung tissues of NSCLC patients, showing that the exosome LRG1 in urine may be a candidate biomarker for noninvasive diagnosis of NSCLC.[@b109-cmar-9-801]

Saliva
------

With the development of real-time quantitative PCR detection system, the five biomarkers (CCNI, EGFR, FGF19, FRS2 and GREB1) of salivary exosome mRNA are effective in distinguishing lung cancer patients from normal controls.[@b110-cmar-9-801] These salivary mRNA biomarkers have the ability to detect lung cancer. Electric field-induced release and measurement technology (EFIRM) is also a popular technique for the analysis of exosomes currently. It can effectively cleave exosomes; release proteins, RNA and DNA; and detect tumor biomarkers.[@b111-cmar-9-801] At present, this technique has been proved to succeed in detecting tumor-driven mutations in saliva of NSCLC patients.[@b112-cmar-9-801] The difference between saliva detection and plasma detection is not significant.[@b113-cmar-9-801] It is expected to be used in diagnosis and treatment guidance.

Pleural effusion
----------------

EGFR mutation has been detected in the CTCs derived from pleural effusion, indicating that biomarkers from pleural effusion can offer a clue to the existence or progression of tumor.[@b114-cmar-9-801] Pleural effusion may be more specific than plasma, urine and saliva for its proximity to cancer foci. However, pleural effusion sampling, like tissue biopsy, is an invasive operation, which restricts its development.

The value of other body fluids on the diagnosis of NSCLC has been fully supported according to the current experimental results, of which there are a great many studies on EGFR-TKI resistance surveillance. More studies and experiments are expected to confirm their viability in ALKi resistance surveillance.

Discussion and conclusion
=========================

This paper focused on the use of liquid biopsy on ALKi resistance surveillance. Actually, liquid biopsy is applicable to the surveillance of all lung cancer patients. Although targeted therapy is superior to chemotherapy in PFS and tolerance, targeted therapy has not surpassed chemotherapy in terms of overall survival.[@b115-cmar-9-801] Patients with genetic mutations are a minority after all, and chemotherapy and radiotherapy are still the treatment of most patients with lung cancer.[@b116-cmar-9-801] Liquid biopsy can predict tumor progression, which can also guide the adjustment of chemotherapy program or increase the radiotherapy dose. Certainly, the best indication for liquid biopsy is targeted therapy, which is mainly for NSCLC patients. The existing clinical data point out that the molecular targeted medicine has a significant effect on NSCLC patients with gene mutation. Although it is not possible to solve the problem of resistance up to now, liquid biopsy plays an important role in warning resistance as well as its related mutation in early stage and guiding the alteration of treatment program, which has a positive effect on relieving the disease and prolonging the survival. With the further study of NSCLC, more and more specific tumor-driven genes and the corresponding targeted medicine are bound to be found. Liquid biopsy will keep promoting the development of targeted therapies.

Liquid biopsy is superior to traditional pathologic biopsy and imaging for its unique noninvasive nature, convenience and repeatability. However, many obstacles need to be overcome before it becomes a practical method to monitor treatment resistance. With small size and low concentration, there is still a lack of specific and sensitive separation and analysis techniques for the biomarkers used in the experimental study. The results of these studies from different laboratories also lack unified interpretation for resistance evaluation. It is prone to be false negative or false positive when using FISH, in situ hybridization (ICH) and other detection technology in disease surveillance, and their ratio of signal-to-noise tends to be low when detecting the early disease. The application of exosomes in resistance surveillance is still to be developed.

To overcome the obstacles of using liquid biopsy in clinical research and clinical practice in ALK-translocated patients, researchers came up with several solutions. Setting ALK-CNG as an example, an enrichment technique is supposed to be performed before detecting ALK-CNG, such as isolation by size of epithelial tumor cells, which is more effectively in CTC recovery than CellSearch.[@b117-cmar-9-801] Then, Pailler et al developed filter-adapted FISH to increase cell recovery as well as to detect mutations in ALK-positive CTCs.[@b118-cmar-9-801] For ctDNA, FISH is generally available in pathology laboratories for gene sequencing, but it is often used to identify copy number alternation of known gene.[@b119-cmar-9-801] A capture-based NGS ctDNA detection method called CAPP-Seq was developed with ultrasensitivity for even unknown genes and all major classes of mutations in large portions of the genome, while NGS were developed with ultrasensitive for specific genomic positions.[@b120-cmar-9-801] EFIRM is a newly developed technique that combines the rapid extracellular vesicle lysis procedure and detection and capture of molecular content from the EV with high sensitivity, which reduces the content degradation caused by exposure.[@b121-cmar-9-801] Though it is impossible to totally overcome false-negative and false-positive results in theory, it is advised to apply two kinds of detection techniques simultaneously to improve accuracy. For example, a combination of ICH assay and FISH is usually used in clinical research. ICH is usually recommended as a primary assay because of its greater sensitivity and specificity, while FISH is reserved for use only in ICH equivocal cases.[@b119-cmar-9-801],[@b122-cmar-9-801] To date, the absence of unified interpretation for resistance evaluation results from the standpoints varying from one researcher to another and different detection techniques used in studies. Only by developing an acknowledged detection technique and stimulating a great deal of experimental and clinical data will the unified interpretation gradually be brought about.

With the promotion of precision medicine in NSCLC and the continued development of ALKis, more accurate auxiliary detection technology is the focus of liquid biopsy. Meanwhile, more laboratory evidence is needed to demonstrate the practicability of liquid biopsy in resistance surveillance. Real-time liquid biopsy is the trend in the application of resistance surveillance of targeted NSCLC therapy in ALK-positive patients. It will effectively guide patients with ALKi resistance to change therapy in time, prolong their lives and avoid the toxic side effects caused by ineffective treatment.
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![The research progress of liquid biopsy in resistance surveillance.\
**Notes:** Biomarkers of liquid biopsy can be extracted from saliva, peripheral blood, urine and other body fluid. CTCs, ctDNA and exosome are main detection biomarkers. CTC counting and DNA sequencing of CTC could be detected by NGS and ddPCR for resistance surveillance. With CAPP-Seq and NGS, ctDNA detection is helpful to find out secondary mutations, concentration increase of ctDNA and change of *ALK* gene copy number, which suggest tumor resistance. Exosome is an extracellular vesicle containing specific mRNA, miRNA and protein that would provide clue to resistance. EFIRM helps to release the contents of exosome and then detect them.\
**Abbreviations:** CTC, circulating tumor cell; ctDNA, circulating tumor DNA; NGS, next-generation sequencing; ddPCR, digital droplet polymerase chain reaction; CAPP-Seq, cancer personalized profiling by deep sequencing; EFIRM, electric field-induced release and measurement technology.](cmar-9-801Fig1){#f1-cmar-9-801}
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